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Section A 
Short Answer Questions 
Total No of Marks for this section:  120 Marks 
This section should be answered in the Answer Booklet provided.  




Let A = {a, b, c} and B = {2,3} 
a) State the following sets in enumerated form 
i. A ∪ B 
ii. A ×  B 
iii. P(A) 





Consider the partial order relation “divides” on the set of positive factors of 21. 
a) Draw the directed graph for the relation and explain how it demonstrates the 
properties of an order relation.  
b) Name the three properties that an equivalence relation must satisfy and state 
one example of an equivalence relation on the set of natural numbers. 
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Question 3 
Consider the following functions: f:ℝ⟶  ℝ, f(a) = 5𝑎𝑎2 + 2 h: {x ∈ ℝ: x ≥ 0} ⟶ {x ∈ ℝ: x ≥ 0}, f(x) = 5𝑥𝑥2 
 
a) For each of the functions f and g, determine whether the function is onto and whether 
it is one-to-one. 





Let 𝑡𝑡(𝑛𝑛) be defined as:  𝑡𝑡(1) = 2 
      𝑡𝑡(𝑛𝑛) = 𝑡𝑡(𝑛𝑛 − 1) + 3𝑛𝑛 − 1 
 
Prove by induction that t(n) = 𝑛𝑛(3𝑛𝑛 + 1)2  
 (Marks: 10) 
 
Question 5 
Write a recursive algorithm to test whether a sequence of n bits consists entirely of zeros. 
 (Marks: 10) 
 
Question 6 
Prove that if G is a simple graph with at least two vertices, then it is always possible to find two 
vertices of G with the same degree.  
 (Marks: 10) 
 
 
(n > 1) 
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Consider the automaton described by the transition diagram below. 
a) Express this as a DFA, that is in terms of {𝑄𝑄,∑, 𝛿𝛿, 𝑞𝑞0,𝐹𝐹}.   
(Include a transition table to specify the transition function.) 
























The IT department of a university has 9 staff members. The department has been asked to 
choose five of its members to serve on a committee. If the five of the 9 members of staff are 
female, how many five-member committees can be formed in which exactly two of the 
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Question 9 
Consider the following algorithm. 
Algorithm 1 Bit Flipper 
1: for (i = 1 to n) do;  
2:  Flip every i-th bit of Bit Array; 
3: end for 
a) State calculations for the number of assignment operations (number of flips).  Hence, 
using  𝜃𝜃 notation, state the complexity of Algorithm 1. 
b) Write a more efficient algorithm to replace Algorithm 1. Using  𝜃𝜃 notation, state the 




Short paragraph answer. 
a) Explain the complexity class P 
b) Explain the complexity class NP.  
 




Short paragraph answer. 
If a client asks you to solve a problem that is NP-Hard. What does this mean and what could 




Solve the following recurrence relations. i.e express them in non-recursive form. 
A statement of 𝜃𝜃 notation bounds is sufficient for part a). 
a) 𝐓𝐓(𝐧𝐧) = 𝟐𝟐𝐓𝐓�𝐧𝐧
𝟐𝟐
� + 𝒏𝒏,   T(0)=1 
b)         𝐓𝐓(𝐧𝐧) = 𝟔𝟔𝐓𝐓(𝐧𝐧 − 𝟏𝟏) − 𝟗𝟗𝐓𝐓(𝐧𝐧 − 𝟐𝟐), 𝐓𝐓(𝟏𝟏) = 𝟗𝟗,𝐓𝐓(𝟐𝟐) = 𝟓𝟓𝟓𝟓  
 (Marks: 10) 
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END OF EXAM 
 
 
